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L6 ANSWER 1 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Resistance of herpesviruses to antiviral drugs: Clinical impacts and 

molecular mechanisms 
AB A review. Nucleoside analogs such as acyclovir and ganciclovir have been 

the mainstay of therapy for alphaherpesviruses [herpes simplex 

virus (HSV) and varicella-zoster virus (VZV) ] and 

cytomegalovirus (CMV) infections, resp. Drug-resistant herpesviruses are 
found relatively frequently in the clinic, almost exclusively among 
severely immunocompromised patients receiving prolonged antiviral therapy. 
For instance, close to 10% of patients with AIDS receiving i.v. 
ganciclovir for 3 mo excrete a drug-resistant CMV isolate in their blood 
or urine and this percentage increases with cumulative drug exposure. 
Many studies have reported that at least some of the drug-resistant 
herpesviruses retain their pathogenicity and can be associated with 
progressive or relapsing disease. Viral mutations conferring resistance 
to nucleoside analogs have been found in either the drug 
activating/phosphorylating genes (HSV or VZV thymidine 
kinase, CMV UL97 kinase) and/or in conserved regions of the viral 
DNA polymerase. Currently available second line agents for the treatment 
of herpesvirus inf ections-the pyrophosphate analog foscarnet and the 
acyclic nucleoside phosphonate derivative cidof ovir-also 
inhibit the viral DNA polymerase but are not dependent on prior 
viral-specific activation. Hence, viral DNA polymerase mutations may lead 
to a variety of drug resistance patterns which are not totally predictable 
at the moment due to insufficient information on specific drug binding 
sites on the polymerase. Although some CMV and HSV DNA 

polymerase mutants have been found to replicate less efficiently in cell 
cultures, further research is needed to correlate viral fitness and clin. 
outcome . 
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TI Design, Synthesis, and Biological Evaluation of Novel Nucleoside and 

Nucleotide Analogues as Agents against DNA Viruses and/or Retroviruses 

GI 



* STRUCTURE DIAGRAM TOO LARGE FOR DISPLAY - AVAILABLE VIA OFFLINE PRINT * 

AB A novel strategy was developed for the synthesis of N7-purine acyclic 
nucleosides. The key step involved the reaction between 
[2- (p-methoxyphenyloxy) ethoxy] methyl chloride and N9-tritylated 
nucleobases followed by concomitant self-detritylation . The N7-guanine 
acyclic nucleoside exhibited antiviral activity, but was phosphorylated by 
both HSV and Vero cell thymidine kinases; thus, it showed more 
potent cellular toxicity than acyclovir. The N7-adenine acyclic 
nucleoside was found to be an excellent antiviral agent as well as a good 
inhibitor of calf mucosal adenosine deaminase. This inhibitory property 
allows for a greater expression of antiviral activity of antiviral agents, 
such as N9-adenine acyclic nucleoside and ara-A. The N7-adenine acyclic 
nucleoside was phosphorylated neither by herpes simplex virus ( 
HSV) thymidine kinase nor by Vero cell 

thymidine kinase, yet it enhanced the rate constant for 

the monophosphorylation of acyclovir by HSV thymidine 

kinase. Consequently, the combination of acyclovir and N7-adenine 

acyclic nucleoside exhibited greater antiviral activity than acyclovir 

alone. 7- [2- (Phosphonomethoxy) ethyl] adenine was also synthesized. The 

key step involved the reaction of 9- (2-cyanoethyl) adenine with Me 

iodoacetate in the presence of lithium 2 , 2 , 6 , 6-tetramethylpiperidine in 

THF. Unlike 9- [ 2- (phosphonomethoxy ) ethyl ] adenine (PMEA) , the 

N7-isomer was not phosphorylated effectively by 5-phosphor ibosyl 

1-pyrophosphate synthetase (PRPP synthetase) ; thus, it did not exhibit 

pronounced antiviral activity. An adenine dinucleotide 5 ' -monophosphate I 

and its butenolide ester were also synthesized. Compound I showed substrate 

activity toward PRPP synthetase and exhibited notable activity against DNA 

viruses. The antiviral activity of the butenolide ester derivative was found 

to be higher than that of the parent mol. Compound I is susceptible to 

degradation by snake venom and spleen phosphodiesterases. However, its resp. 

butenolide ester derivative was completely resistant to snake venom and spleen 

enzymes. Guanine and adenine butenolide ester derivs. II (Rl = NH2, R2 = 

H; Rl = OH, R2 = NH2 ) were also synthesized and exhibited notable anti-DNA 

virus and anti-retrovirus activity in vitro. Final compds . were evaluated 

for their inhibitory effect on HSV-l-induced mortality in NMRI 

mice. The N7-adenine acyclic nucleoside [LD50 (i.p.) 950 mg/kg] , the 

butenolide ester of I [LD50 (i.p.) 675 mg/kg], and II (Rl = NH2, R2 = 

H) [LD50 (i.p.) 710 mg/kg] were found to be potent anti-HSV-1 

agents in vivo. In addition, II (Rl = NH2, R2 = H) efficiently decreased 

tumor formation induced by Moloney murine sarcoma virus (MSV) in NMRI mice 

while significantly increasing the survival time of MSV-infected mice. 
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L6 ANSWER 3 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Antiviral drugs against herpes infections 

AB A review with 34 refs. Several new and promising antiviral drugs have 

been approved which allow better options to control infections caused by 
herpes virus. Vidarabine has been the earliest available drug 
against herpes simplex (HSV) and varicella zoster 

(VZV) , but is an agent that is rarely used at present. Acyclovir has 
replaced vidarabine in treating herpes infections in 
immunocompetent and immuno compromised patients. The low oral 
bioavailability of acyclovir, as well as emergence of drug resistant 
strains have stimulated efforts towards development of newer compds . for 
treatment of herpes infection. These include penciclovir and 
its oral prodrug famciclovir and the oral prodrug form of acyclovir, 
valacyclovir . These drugs are dependent on virus encoded 
thymidine kinase (TK) for their intracellular activation 
(phosphorylation) and, upon conversion to their triphosphate form which 
act as inhibitors/alternative substrate of viral DNA polymerase. 
Therefore resistance of these drugs may occur for virus mutants that are 
TK-def icient . Newer drugs as Sorivudine which is a nucleoside analog has 
been pursued in treating herpes infections. Foscarnet, which 

does not require any previous metabolism to interact with viral DNA polymerase 
is useful in clin. settings when TK deficient mutant strains emerge. 
Cidofovir, an acyclic nucleoside phosphonate is yet 

another available drug to which TK deficients strains are sensitive. This 
review describes these currently available antiviral drugs against 
herpes virus, some approved and others under clin. evaluation for 

approval . 
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L6 ANSWER 4 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Hydroxyurea potentiates the antiherpesvirus activities of purine and 
pyrimidine nucleoside and nucleoside phosphonate 



analogs 

AB Hydroxyurea has been shown to potentiate the anti-human immunodeficiency 
virus activities of 2 ' , 3 ' -dideoxynucleoside analogs such as didanosine. 

We have now evaluated in vitro the effect of hydroxyurea on the 
antiherpesvirus activities of several nucleoside analogs (acyclovir [ACV] , 

ganciclovir [GCV] , penciclovir [PCV], lobucavir [LBV], 

(R) -9- [ 4-hydroxy-2- (hydroxymethyl ) butyl ] guanine [H2G] , and brivudin and 
nucleoside phosphonate analogs (cidofovir [CDV] and 

adefovir [ADV] ) . When evaluated in cytopathic effect (CPE) reduction assays, 

hydroxyurea by itself had little effect on CPE progression and potentiated 

in a subsynergistic (herpes simplex virus type 1 [HSV 

-1]) to synergistic (HSV-2) fashion the antiviral activities of 

ACV, GCV, PCV, LBV, H2G, ADV, and CDV. Hydroxyurea also caused marked 

increases in the activities of ACV, GCV, PCV, LBV, and H2G (compds. that 

depend for their activation on a virus-encoded thymidine 

kinase [TK] ) against TK-deficient (TK-) HSV-1. In fact, 

in combination with hydroxyurea the 50% effective concns. of these compds. 
for inhibition of TK- HSV-l-induced CPE decreased from values of 
20 to >100 (ig/mL (in the absence of hydroxyurea) to values of 1 
to 5 (xg/mL (in the presence of hydroxyurea at 25 to 100 ng/mL) . 

When evaluated in a single-cycle virus yield reduction assay, hydroxyurea at a 
concentration of 100 (ig/mL inhibited progeny virus production by 60 to 90% 
but had 

little effect on virus yield at a concentration of 25 ng/mL. Under these 
assay conditions hydroxyurea still elicited a marked potentiating effect 
on the antiherpesvirus activities of GCV and CDV, but this effect was less 
pronounced than that in the CPE reduction assay. It is conceivable that the 
potentiating effect of hydroxyurea stems from a depletion of the 
intracellular deoxynucleoside triphosphate pools, thus favoring the 
triphosphates of the nucleoside analogs (or the diphosphates of the 
nucleoside phosphonate analogs) in their competition 

with the natural nucleotides at the viral DNA polymerase level. The 
possible clin. implications of these findings are discussed. 
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L6 ANSWER 5 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 

TI Nucleoside analog phosphates for topical use in the treatment of 

herpes virus infections 
AB Compns. for topical use in herpes virus infections comprise 

anti-herpes nucleoside analog phosphate esters, e.g. acyclovir 
monophosphate, acyclovir diphosphate, and acyclovir triphosphate which 
show increased activity against native strains of herpes virus 
as well as against resistant strains, particularly thymidine 
kinase neg. strains of virus. Also disclosed are methods for 
treatment of herpes infections with nucleoside phosphates. 
Anti-herpes nucleoside analogs phosphate esters include the 
phosphoramidates and phosphothiorates, as well as polyphosphates 
comprising C and S bridging atoms. 
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L6 ANSWER 6 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Acyclovir derivatives for topical use 

AB The invention involves compns. for topical use in herpes virus 
infections comprising anti-herpes nucleoside analog phosphate 
esters, such as acyclovir monophosphate, acyclovir diphosphate, and 
acyclovir triphosphate, which show increased activity against native 
strains of herpes virus as well as against resistant strains, 
particularly thymidine kinase neg. strains of virus. 
Anti-herpes nucleoside analogs phosphate esters include the 
phosphoramidates and phosphothiorates, as well as polyphosphates 
comprising C and S bridging atoms. 
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L6 ANSWER 7 OF 11 HCAPLUS COPYRIGHT 2009 ACS on STN 
TI Nucleoside analogs for topical use in herpesvirus infections 
AB Compns. for topical use in herpesvirus infections comprise anti- 
herpes nucleoside analog phosphate esters, such as acyclovir 
monophosphate and acyclovir diphosphate, which show increased activity 
against native strains of herpesvirus as well as against resistant 
strains, particularly thymidine kinase-neg. strains of 
the virus. Thus, acyclovir monophosphate was more effective than 
acyclovir in treatment of lesions in mice infected with an 
acyclovir-resistant strain of herpes simplex virus type 1. 

Acyclovir monophosphate was prepared by reaction of acyclovir with P0C13 in 
P(0) (0Me)3 followed by neutralization with aqueous NaOH. 
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TI Phenotypic resistance of herpes simplex virus type 1 strains 

selected in vitro with antiviral compounds and combinations thereof 
AB Several drug resistant herpes simplex virus type 1 (HSV 



-1) strains were obtained under the selective pressure of various 
antiherpetic drugs used alone or in combination. Their susceptibility to 
a wide range of antiviral compds . was determined Strains selected under the 
pressure of brivudine (BVDU) or 1-p-D-arabino-furanosyl- (E) -5- (2- 
bromovinyl ) uracil (BVaraU) alone were composed of two virus populations: 
(1) virus resistant to BVDU and BVaraU bot not to acyclovir (ACV) or 
ganciclovir (GCV) , which is suggestive of an alteration in the thymidylate 
kinase activity associated with viral thymidine kinase 
(TK) (responsible for the phosphorylation of BVDU-monophosphate to 
BVDU-diphosphate) ; and (2) virus resistant to TK-dependent drugs (i.e. 
ACV, GCV, BVDU and BVaraU) as well as double-mutant strains with decreased 
sensitivity to both TK-dependent compds. and the pyrophosphate analogs 
foscarnet (PFA) and phosphonoacetic acid (PAA) (suggestive of mutations at 
the level of the DNA polymerase) were recovered under the selective 
pressure of ACV alone or in combination with BVDU or BVaraU. Combinations 
of BVDU or BVaraU with PFA or PAA led to strains resistant only to BVDU 
and BVaraU or double-mutant strains resistant to BVDU, BVaraU and the 
pyrophosphate analogs, but not to strains resistant to other TK-dependent 
drugs. Interestingly, strains resistant to ACV, BVDU, GCV and/or the 
pyrophosphate analogs PFA and PAA remained sensitive to the 
(S) -3-hydroxy-2-phosphonyl-methoxypropyl (HPMP) derivs. of cytosine 
(HPMPC) and adenine (HPMPA) . 
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TI Acyclic nucleosides as antiviral compounds 

AB A review with 94 refs. Acyclovir is an effective drug for the treatment 
of HSV and VZV infections, which after phosphorylation to the 
triphosphate, inhibits viral DNA polymerase. Acyclovir has low oral 

bioavailability, therefore prodrugs have been developed, and the L-valyl 
ester, valaciclovir , recently has been licensed for the treatment of 
shingles. Ganciclovir is used against CMV, and famciclovir, a lipophilic 
prodrug of penciclovir, is marketed for shingles. The acyclic nucleoside 
phosphonates are active against thymidine kinase 

-resistant viral strains. Promising analogs are PMEA (in clin. 
trial for the treatment of AIDS) and (S) -HPMPC (good in vivo activity 
against HSV, VZV, CMV, and EBV) . Oligonucleotides incorporating 
acyclic nucleosides at the 3'- and 5 '-ends, or constituted of amino 
acyclic nucleosides, are resistant to cleavage by nucleases and may be 
useful in antisense and/or antigene therapy. HEPT is active against 
HIV-1:. It binds in a hydrophobic pocket on reverse transcriptase, rather 
than in the polymerase active site. Some acyclic nucleosides are potent 
inhibitors of purine and pyrimidine nucleoside phosphorylase . These 
compds. may have a therapeutic niche in combination therapy with antiviral 
and anticancer nucleosides, and in the treatment of diseases involving the 
T-cell. 
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TI Inhibitors of bovine herpes mammillitis virus infections in 

cultured cells and in vaginally infected guinea pigs 
AB Bovine herpes mammillitis virus or bovine herpesvirus type 2 

(BHV-2) causes ulcerative lesions on the teats and udders of infected 
cows. The authors investigated several nucleoside and nucleotide analogs 
as potential BHV-2 inhibitors. These included acyclovir, ganciclovir, 
5-iodo-2 ' -deoxyuridine (lUdR), 1- (2 ' -deoxy-2 ' -f luoro-p-D- 

arabinof uranosyl ) derivs. of 5-iodocytosine (FIAC) , 5-iodouracil (FIAU) , 
and 5-methyluracil (FMAU) , and various 3-hydroxyphosphonylmethoxypropyl 
(HPMP) and 2-phosphonylmethoxyethyl (PME) derivs. of adenine (A), guanine 
(G), 2, 6-diaminopurine (DAP), and/or cytosine (C) . Of these, FIAU and 
FMAU were the most potent in cell culture, inhibiting 50% of BHV-2 plaques 
at <0.05 nM. HPMPA and HPMPG were active at 0.3 nM; FIAC, lUdR, and 
HPMPC at 1.3-2.3 (xM; PMEDAP and ganciclovir at 20-25 |liM; acyclovir 
and PMEA at >100 |liM. The two most potent agents, FIAU and 

FMAU, inhibited uninfected embryonic bovine tracheal cell growth by 50% at 
>100 |LiM and 53 |uM, resp., resulting in selectivity indexes (ratio of 
the 50% inhibitory concentration for cell growth to the 50% inhibitory 
concentration for 

plaque formation) of >2200 and 1100. Greater degrees of antiviral 
activity and selectivity were obtained in infected guinea pig embryo cells 
treated with FIAU, FMAU, and HPMPC. Infected cell exts. containing 
BHV-2-induced thymidine kinase activity phosphorylated 

FIAU, FMAU, and lUdR at nearly the same rate as thymidine, whereas FIAC, 
acyclovir, and ganciclovir were phosphorylated at <5% the rate of 
thymidine. Phosphorylation by this enzyme is required to generate the 
antivirally active nucleoside triphosphate in infected cells. In guinea 
pigs infected intravaginally with BHV-2, FMAU treatments of 1, 3.2, and 10 
mg kg-1 per day for 5 days starting 1 day after virus challenge reduced 
vaginal lesion scores and virus titers in a dose-dependent manner. FIAU 
(10 |LiM) was as effective as 1 nM FMAU by the same regimen. A single 
treatment with 10 |uM HPMPC was as active as daily treatments with 3.2 
mg FMAU kg-1. These results indicate the potential of using antiviral 
agents to treat bovine herpes mammillitis virus infections in 
cattle, and the application of guinea pigs to study BHV-2 disease. 
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TI Properties of a 9- ( 2-phosphonylmethoxyethyl ) adenine (PMEA 

) -resistant herpes simplex virus type 1 virus mutant 
AB After repeated passages of herpes simplex type 1 (HSV 



-1) KOS virus in the presence of 9- ( 2-phosphonylmethoxyethyl ) adenine ( 

PMEA) , a mutant denoted PMEAr HSV-1 was isolated which 

grew well in the presence of 50-100 (xg/mL of the drug. PMEAr 

HSV-1 was still sensitive to the related phosphonate analog 
(S) -9- (3-hydroxy-2-phosphonylmethoxypropyl) adenine (HPMPA) . In fact, it 
was more susceptible to the action of HPMPA than the original virus. 
PMEAr HSV-1 also retained sensitivity to 5-bromo-2 ' -deoxyuridine 
and other, viral thymidine kinase-dependent substances 
such as (E) -5- (2-bromovinyl) -2 ' -deoxyuridine. However, PMEAr HSV 
-1 was much less sensitive to acyclovir, 
1- (p-D-arabinof uranosyl) cytosine and 

1- (P-D-arabinofuranosyl) thymine than the parental KOS virus. 
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